vely. By itself, this error may not appear to be large, but as it may further increase the discrepancy found between the manometric and the photometric values, we consider that it should be avoided. As with the existing nomogram developed by SIG-GAARD-ANDERSEN, the per cent oxygen saturation scale of the nomogram presented by EHRENGRUBER in the following paper (8) must be constructed for each instrument (i. e. each set of filters) and for the species which is to be investigated. Its advantage lies in its general applicability to a two-wavelength method for the determination of the per cent oxygen saturation of different haemoglobins with interference filters, one of which has a maximum transmission close to, but not necessarily identical with the isosbestic wavelength for oxyhaemoglobin and reduced haemoglobin.
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the following formula has to be used for the calculation of the per cent oxygen saturation:
or:
where: The optical density D is the measured extinction E of the cuvette filled with haemolyzed blood minus the water blank Επ 2 ο of the cuvette at the same wavelength, or: DR = ER -EHZO, R and DG = EG -EH*O, GThus, we may also calculate the per cent oxygen saturation directly from the measured extinctions. With E Ha o,R = 0.041 and E Ha o, G = 0.038, the following formulas for the calculation of the oxygen saturation of the unknown sample were obtained and utilized for the calculations described in the preceding paper (1) If the ratio DR/DG is known, the per cent oxygen saturation can be calculated from equation [7] . Denoting this ratio by u, i. e. u = DR/DG, equation [7] can be written in the form
Now, the calculation of the per cent oxygen saturation can be subdivided into two steps: -calculation of the ratio u from DR and DG -calculation of O 2 % from u, using equation [8] . The construction of the nomogram also follows these two steps: First, a nomogram for the ratio u of the optical densities DR and DG is constructed; then the u-scale is recalibrated so that the value "per cent oxygen saturation" can be read directly, O 2 % being expressed as a function of u by equation [8] . As shown in Figure 1 , the nomogram consists of three parallel straight lines, representing the DR-, the Do-and the u-scale. This arrangement of the scales assures maximum accuracy of reading obtainable with a, nomogram. Position and calibration of the scales permit the reading-off of the ratio DR/DG on the uscale if the measured values of DR and DG on the respective scales are connected by a ruler. To construct such a nomogram, the values not of DR, DG and u, but those of certain logarithmic functions of these quantities must be plotted on the scales. The mathematical details of the construction are given in the appendix.
2. Re-calibration of the u-scale Actually, we are not interested in the ratio u itself, but in the quantity "per cent oxygen saturation", which can be calculated as a function of u according to equation means cpmmom logarithms. For example, the distance Fig. 1 of DB = 0.1 above the baseline is :
Nomogram for the calculation of haemoglobin oxygen saturation of normal, adult human blood by a two-wavelength method based on interference filter photometry. Note: The middle scale must be specified for each set of filters and for haemoglobins from different species point U Q , we plot not the value 0.5 for u, but the value for O 2 % calculated by [8] :
Thus it is possible to read directly the oxygen saturation corresponding to DB = 0.4 and D G = 0.8.
Application of the method
The advantage of the method outlined here is that the first step, i. e. the construction of the nomogram for u, does not depend on the quantities A, B, C and D specified under equation [7] . In other words, the parameters determined in the first step of the procedure are independent of the individual apparatus constants. The basic nomogram once constructed, it can be adapted to any set of filters and any kind of haemoglobin simply by performing the second step, i. e. by fixing the calibration of the middle scale.
In the first step of the construction procedure, the following parameters of the nomogram are determined (cf. Fig. 1 and appendix Similarly, the distance of DG = 1.1 above the baseline s:
he (1.1) = 150 log = 150 log 1 = 0
The parameters given above are the same for any , apparatus as long as DB and DG remain within the ranges 0.1^-0.6 and 0.8 -1.1, respectively. This condition will be fulfilled if the oxygen saturation meter OSM I 1 ) is handled as recommended in the instruction manual. The distances in cm from the baseline of the nomogram for the DB-and Do-values in steps of 0.01 are given in Tables 1 and 2 . The calculation was done by computer with a simple Fortran program. The scales for DB and DG are calibrated by means of Tables 1 and 2 . The position and distance of the scales were specified under 3.1 and the appearance of the nomogram is illustrated by Figure 1 . The only thing, remaining to be done is to specify the middle scale according to the individual apparatus constants, which »vary with filters and haemoglobins (1).
Specification of the middle scale
The calibration of the middle scale is dependent on the quantities A, B, C and D, the meaning of which was defined under equation [7] . are inserted into equation [8] , we obtain the basic computing formula for the per cent oxygen saturation (O 2 %) as a function of u. The middle Scale of the nomogram is specified according to this formula. As an example, we may take the apparatus constants -given for human blood in the preceding paper (1) formation of the scales. An additional advantage inherent in this procedure is the parallel alignment of the scales, which increases the accuracy of the readings. For the following discussion, DR, D G and Dn/D G are replaced by x, y and u. On the different scales, certain logarithmic functions of x, y and u are plotted. These functions will be termed "scale measures".
For the scale measures, we have: x-scale: h x (s) = p x · log s + qx y-scale: h y (s) = p y · log s + qy t 13 ] u-scale: h u (s) = p u · log s + q u The basic requirement for the construction of a nomogram is that, for all possible values of x and y, the point x on the x-scale, y on the y-scale and the resulting point u on the u-scale must be Z. klin. Chem. u. klin. Biochem./ 6. Jahrg. 1968/ Heft 3 27* Ciuhandu u. Rusu: Mikrobestimmung von CO in Luft und Blut connectable by a straight line. Algebraically speaking, this requirement means that the following formula must be valid for all values of and y, when u is determined by and y according to the function u = u(x, y):
In our case, u(x, y) equals x/y. If this function and the formulas [13] are inserted into the basic equation [14] , we obtain: p u -log x -pu ' log y + q u -px * log x -q x Py ' log 7 + qy -Px ' log x - [15] since log x/y = log x -log y.
The equation [15] must be valid for all values of x and y. Hence, the coefficients of log x and log y and the terms not containing x and y on both sides of [15] must be equal. For the eight parameters Px, Py, Pu, qx, qy, qu, t and T, we obtain:
[16]
(q y -q x ) .
n addition to [16] , certain requirements as to length and range of the scales may be specified. However, such requirements must not conflict with [16] .
To fix the end points of the scales, we must return to the original meaning of x and y, x representing the optical density of the sample at 600 and y at 505 nm. For the applications discussed here, x and y may vary within the limits 0.1 ^ ^ 0.6 and 0.8 g y ^ 1.1.
If, for instance, we demand h x (0.1) = 0, p x and q x must satisfy the condition: 0 = p x · log 0.1 + q x and, since log 0.1 = -1, px = qx. Selecting 15 cm as a unit, we can easily encompass all three scales into ä page size DIN A 4. for the scale values, we obtain the following lengths in cm: ' h x (s) = 30 log 10s h y (s) = 150 logs h u (s) = 25 log 11s.
[18]
The scale distance chosen was T = 15 cm, t = 2.5 cm. As an example of the calibration of .the scales according to [18] , we have: On the x-scale (representing PR), the following distance h x in cm above the baseline is obtained for x = 0.5: h x (0.5) = 30 · log 5 = 20.97 cm. The calculations of the scale values were performed on a computer in steps of 0.01, beginning at 0.1 and ending at 0.6 for the x-scale (Du); and beginning at 0.8 and ending at 1.1 for the y-scale (D G ). An additional feature of the y-scale is that on this scale, the values for D G decrease from below upwards. This work was supported by the "Schweizerischer Nationalfond zur Förderung der wissenschaftlichen Forschung", Pro). Nr. 4517.
